Abstraet -The optimal design of a non-deterministic finite state machine by solving and resolving Boolean equations is shown, taking advantage of the relationships between single Boolean functions, sets of Boolean functions, Boolean equations, and their solutions. The Boolean Differential Calculus is used to point out the key ideas of the applied resolvability theory. Keywords -optimal design, resolvability, function sets
INTRODUCTION
The coding of the states of a finite state machine (FSM) by Boolean, variables is necessary in order to implement this machine by a digital circuit. If the number of states is not a power of 2, not all of the code words are needed for coding the essential states of the FSM. In this case there are some additional states in the real system, which can be used for the optimization of .the circuit. There is one critical possibility created by the additional inessential states. If the essential states are not reachable from the additional inessential states, the circuit does not work well, if unfortunately the starting state is one of $e inessential states. A very easy but not optimal assumption to solve this problem is the demand that each inessential state switches in each case to a predefmed essential state. More freedom for optimization and correct functionality is given if transitions from all inessential states to all essential states are allowed.
The main task of the logic design is the transformation of a given behavioral description into structural information. An easy method to describe the required behavior can be based on a simple table, called list of phases (LOP) . ' The columns of this table are labeled by the logic input variables x, and the logic output variables y,. The rows include the values 0 and I, and such a row vector is calledphase. A combinatorial circuit realizes on the output y, the Boolean functionffio. A Boolean function maps all patterns ofthe ndimensional Boolean space B" into B = (0, I } . A Boolean equation equates two Boolean functions. In the Boolean equation (24) the function on the left-hand side is the output variabley, and -the function on the right-hand side describes the behavior for this output.
The solution of a Booleans equation is a set of Boolean vectors having the property that their substitution into (24) results in I 3 I or 0 I 0 . Note, fust, the solution.of a Boolean equation can he represented as LOP, and second, the output function is explicitly described by (24). We have a complete (24) and (26) have the same solution set, but the function for the output y, is implicitly described by (26). of both subsystems can be calculated by (29), because the allowed behavior of the whole system covers the behavior of the first and the second subsystem. Connected wires of both subsystems must be labeled by the same variable.
The system functions F,&,$,s'd may describe a certain behavior of one part of the future circuit or the real behavior of an existing hardware block such as a gate or a flip-flop.
An important advantage of the system function is that transformation in both directions, from the inputs to the outputs and vice versa, is possible. Mostly the transformation kom the inputs to the outputs is used. In this case the system equation must be resolved with respect to the output variables. Designing a sequential network based on given flip-flops, the system function of the flip-flop is needed to transform the memory function into the function controlling the flip-flop, and the global system equation must be resolved with respect
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---I to the input variables ofthe flip-flop. This paper will show how the resolvability of,the system equation can he checked and how the explicit description of the circuit functions can be calculated. The application ofthe presented theory is illusnated using the optimal design of a non-deterministic finite state machine. The conditions for which a function value 1 in an m-th maximum operation occurs is that at least one 1 exists in the subspace p = constant. The result of the m-th maximum operations depends only on the variable set zo.
We consider the homogenous characteristic logic equation y,(x, ,..., x,,) , i = I ,_.., m are elements of a lattice. The lower and upper bound of these lattices are given as follows: "-'f(x, ,..., xn,yI ,..., ym The remaining code I 1 adds one additional inessential state to the circuit to be realized. The counter runs without any control by an input. If the circuit realizes the transition 11 3 1 I , the counter cannot work, if it starts in the state 11. Each other transition I I 3 00, I 1 3 IO or 1 I 3 01 guarantees that the counting cycle will be reached. Which one of these three transitions should be used to find the simplest circuit structure? The following calculation shows, how this question can be answered by resolving the system equation of a nondeterministic FSM. The non-deterministic list of phases of the mod-3-counter LOP-M3C is shown in the following list of ternary vectors, were the dash '-' represents both the value '0' and 'l', respectively. ABer removing d and v by the m-the maximum we get LOP-M3C which specifies the behavior shown in figure 6 .2 ofthe designed circuit structure, shown in figure 6.3. 
Conclusions
The implicit representation of Boolean function sets extends the possible approaches in circuit design significantly. As shown in this paper, a system equation allows the specification of the deterministic or non-deterministic behavior of combinatorial or sequential Boolean systems.
Based on the implicit representation of sets of Boolean functions it.is easily possible to deal with output functions depending on the inputs and the inverse input functions depending on the outputs. The composition of subsystems to a more complex system can be done by a simple conjunction of their system functions. In order to use such benefits in circuit design, it is necessary to know how a system equation can be resolved. Based on the Boolean Differential Calculus, this paper introduces the main ideas of the theory of resolving Boolean equations. It was shown in which case a system equation is resolvable and how the set of all possible solutions can be calculated. The paper shows by the example of a mod-3-counter how an optimal circuit structure can be found using all the freedom of this non-deterministic specification.
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